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PUOtA EWCIWfERIRGDtSICH OF A -ACT RIVKDSKD-?IKLD PW3f UA130R (CRPW*

Tha rational. for ●nd tha charactarlotieo of ths
high-powor-donolty Cqact Rovoroad-?iold Pinch Rmmctor

(CRPPR) ●m diccuoood. Particular •~hasio 10 givm to
koy plaou ●nginoarin~ ●pecto of tha coocaptual
daaign, includin~ PISOU opcratiem, current drlw, ●nd
l~uricy/anh control by rnana of pu~od limltarm or
wgnatic divortorn. A L,lof d~ocripclon of tha Funion-
Pmar-Cora intasration in givan.

J! IMUCTION

Early projoctiono] of Ravormad-Fiald-Pinch (RP’P)
roactorm wero banmd 00 plaam confinamnt by
ouparconductin~ mmgncto. This dooiga ●pproach lad to

ayntms of low .n*ino*ring pouar donoity, not unlika
thooo baing projactod for tha mminlinc ●nd otlror
●ltamaciva fusion concGpts2J1. Bao*d on mrgumsnts

aumaricad in Rcf, ], ●ariouo problaw mlatad to
dovicc dcvolopmmnt, pltnt oporsciona, ●nd ●rid-produce
oconoroics My arise bacauag of tha irmfficlcnt uoa of

fusion-povor-coro (FPC , 1.O., firnt-wai!/blankat/
ohlold/coil, W/B/S/C) volum ●nd MJOO. T’m compsct
R~ raactor (CRFPR) concop~ ●nd dooi~n apptosch wao
ou~gaotodb ●nd dmvaloped ~s6 to ●ddraoa diroctiy th~~~

powor-density issuao. An option for wCnotic-
confinoaant fusion is provldad with t FPC pmar dc-ity
that can ba ms high ●s valuas conaidorad ●conomicall
noctssary for othar nuclomr powar ●yatomo (10-13 PWt/m ?

for LUR#, comparod tc 0.3-0.3 UU/m) for lov-powar-
dansity fuoion Syotoms). Tablo I cowpsrao kay
mginoarin~ ●nd cent paramtorc baing projactod for tho
LOMp#Ct tnd low-powor-danslty (mlnlina) concapto to
ht~hlighc atocntitl diffarancco.

If tha RFP 18 CO achicvo the advanta~ts of ●

compact raaetor, a bactor undoro:andini of kay placma
phycics/cn~inaarin: proc~oaao 1s nacdad. The impact of
transport scaling (startup, i~nltion, burn auoconaf,co),
impurity/ash control (pumpad limltar varnus m~notlc
div~rtorn), snd statdy-stata (non-induct ivs) platM
cur:t,lt Jrlvo influance GtronC”y tha practicality of
lona-pulsed or staady-staca plasm oparation conoidorad
os an idotl goal for tha compact raoctor. The phymica
wd~ls Uma!.1 to doocrlbo and projoct thtso crucial
on~inoorlng procmmtofi aro only bc~innin~ co •nrs~ for
tho kFP, as is ● morr coharont piccura of tho ●iniau~
tn~rgy RFP atttt in Icncral, Thic paper, tharafora,
iocumnm8 onto the CRFPR plssmt phy@ico/anginoaring to
rolat~ prascnt uttdcrotandtn~ to cho ccchnoloty
proJ9cto6 aa nocoonary for the ideal CRFPR limit
m~Baotcd 11) Tablo I

Tho RFP, com~tct torolds [CT., 1..., opharomks or
field-ravmrsod confi~urationo (PRCS)I, ●nd tho tok~~k

confino plaou by a comblnttion of tmtarnally ●pplied
toroidtl field, Bo, ●nd oalf-~anoratod poloidml fialda,

~ Work parformad under tho auopicao of tha US DOE.
~: Ronooalaar polytechnic Inotltutm
●Q* rochno~o-y Il,tarn4tton~ll Inct

Be, ranulting from toroldal curranta, I
toruc of wjor radium

?

-d ~noro;,:::y ‘
TIM

phyalcc ●uecaooco of tho to muk -or of thinp pinch
group ro8 t primrily with th~ Btrong %ckbona”
providod to tho plaam by tha doainant toroidsl fiald~
●rloum reactor limitstiona, howwr, sro ●lno impomad
by the UOO of strong toroidsl fl~ldc. Unliko tha
tokmuk , trhoro B /Be “ q~/r ) z 10, q bins cha
Krumk.l-Shmfr.nov ~.f.tyf.ctor, ~FPoand CT. op.r.t.
tith B ■ Be ●nd q < 1, with q ●ctually rovcrsing oign
●tth. $laomodc. fortha RFP. Th. r.v.r..lof B~ ●t
tho plasm •da~ ●loo pmrstao high shaar for otab lity
to local ~ mdaa and thm pooaibilicy for high-bata
planuo. AL ●loccrically conducting ohtll provldas
otabllity to hWDmndto with wtvolangtho on tho ordar of
rp. Sinca tha q(r ) > 2-3 limit dooo not tpply to the

!RPPO I j,o not cooo rsinod by H3Ul conaidarations,
ohmlc~cating co ignltlonmyba poooiblc.

and

Thooa charmctalistico rocult in ● hi~h-bcca plaom
that io ncably confinad primrlly by otrona aalf-
curranta, this pla8mJ baing ourroundod by an
●nglnaarins ●tructura (PPC) that tmod not occomodata
aumiliary haatin~ or a ocrong wgnatic field. Thasc
fmmturan toBathcr ●dmit tho uniquo combination of
incraasod plasq pmardansity tnd first-wmll naucron
lomdln~ [\(W/m ) ● (~B2)2rp/2], lo_+fiold blanktta
[thin, hi~h-pmor-danolcy (100-200 UUt/m3, poak)l
liquid-mtal-coolod with ●ccaptmblo pro~suro, IWO
prooaura drnp, ●nd pu~in~ pworl, and low, Icld
mgnatlc coilo [azo-blankatl low forcao, wos,
loDoat , ●nd rccirculacins povcr ,

i
all of whl

noctooary for tha compact r~actor.

Cantral to tha ●chiov~man! of thcma signi
bonofito ia the formtion ●nd oustainant
plaoma/fi@ld configuration in which BA(r ~ r-) is

ohmi C

h are
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of a
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tho tarn-bats, eowcant-u

mdol (1. a., constant p, $0 ●d K).

Tho apatlall~-constant u profilam aawwd for tho
BF?l raquiron high current dmaity in tht r@~ioB of tha
cold, rosiociva plao~ ●dia. Hodlficatiom to tha #m
tonorally allow for comtant-p profilas out to ● rndium
mr” (a t 1), with P dacraaci~ comtinuoualr to saro
from Orw to rw, Figura 1 ml-o slvas tha Locun of
ralaxtd RPP stacot for ● ou~ar of mdifiod BFHs.
Gmorally, theory Indicatoo i~rovad ●ctbility for 0 >
1,2, ●nd ●xrarimnt mhws improwd hasting and
conflnammnt in tha R?P ro~ion of PIs. 1. It ID notad
chat tha ●pharouk ●tstc lo givan by ? - 0 on ?1s. 1,
and tha tokauk-liks ragion occur. for F ● 1 ●nd
e * l/q(~/rp).

Tho Taylor F-B diagram dmwotitratao a ramarka$lt
coupling botwaan poloidal-fiald (PF) ●nd ‘.oroidal-field
(TF) circuito through tho plasmu dynarn for both
sphermak and RFP confi~urationnl otrong cbupling for
~hc tokamak doon not ●xlat. Tho P+ ralatiouthip can
b. usad to daacribt the RFP or ●pharmmk plasm mm ●

non-linear ractifyin~ o19mmnt~ tht possibility to
maintsln 1$ tgainot rcalbtivo docsy by In-phaso
oocillmtions of T? and PF circuics in pradicat~d. Thio
potantial for non-inductive c“iront drivo by 1-
froqucncy ;nd low-amplitudo “F+ pu~ing” add- snathar
ntrong raactor advantaso of s dynama-suocainod plaIM
conts!nad stably by stlf-currants. Thama foacuroo so
raflcccod in chc plccmm anginaorin~ of tha CRFPR ●rt
now dimcusnad.

JIIs ? MM_WXWFw

The underlying principlo of RPP confincaant 10
basad on ● fr99-anar~y-drivan dynaw,
originat ins from ● - 1,

poo;,ibly
,mlciplo-n-num.bor (n- 12)

ratiotivainotabilitito. Tht tddod plmnm.m turbulanca
will undoubcodly lncroaae plasma tranoport 10BOO8)
careful ●ttention muot bc Civtn to minimisln~ flux ●nd
maroy loao, vith tha plIIM dynnmo ●ction bcins
optimitod during cha m:trrup ~ran~i~nc towirdn sn
ohmically-haattd DT illlition, SAcondly, chc low-q,
hi~h-shear flux surfacao near the B

t
rovgraal layar

●ust bo ~ccomodatad by any pumped-l miter or ~inatic
divartor ash/impurity control ochcwo Thirdly,
long-puload or ntaady-tcacc oparation ● l,at cnnoidcr
tfflciont, dynmmo-btscd ?-” pumping. This sact ion
anaminem the CRFPR dooign in rtlationl$ip to projoccod
no-do for tho throa tol loving araaol pltomJ op-rationo
(trannportt mtart -up. ignition/burn, Otc.)1 ●fihf

With tha UOuml dafinicioma of M. - 4wr(10)-7 E/m

9
●nd - 1.602(10)-” ,1/koV, prcosuro balanca ●ud tha
tifin tioo of IE for so ahaically-kmatad plamu givmo,
roopactivall

(1)

(2)

wharo tho hot *quality eombinco proasuro mnd cnorgy
bqloeco~, o - l/n im tho RFP plmsmJ ●loctricml
cosduativity, j, = I,/##, md tha Otrommina

F
param.mtor

I /P! - j /n ham boon int oducad vlch N - ma#p bains tha
!!p sou 1 na donsicy. ?or ● fixed str~amln~ paramatar

and poloidal bat~, Pet chc Pla- tamparacura ID
:ry5y$ toacalo linaarly with plaaM current, ●nd IE

c,a~.i%;”;d : ;;?;~ condu’t’v’cY th~t ic,.lf ,ca~o,o This ocalin has boon abaarvad
f11) ? in tho ran~ao 1,on ● h~abar or RFF ●xpcrirnnts

= M-1OO M and r - 0.I-O.2 ● . Also. for fisod I,/N,
Eq. (1) prodictcp T/I. ● B I s conparioon of RPPo with
ohmfc.lly-h’accd toka”k, o!mimilar currant .nd .1,.
would ●tlov ● bettor parforunca for tha lsccar~
Imprcwod R?P pcrformncc raquiras hiIhar currofica
bscauaa of tha lowar poloid~l Lsta,P6 balnu C1OOO to
the total bats for R?Po.

Accribucing tha onargy loot in R?Ps to anowlous
Qlactron conduction, 8 flt to ZT-40H data

(Tca = 0.2 WJ, Be - 0.1-0.130 1$ - C.12 M, rp - 0.2 m)
givoo ● Ta ● 2vr 2 ●csling,

Ipociftcilly,
wharo v is in cha ran~o

0.9 - i.>. two limiting ocaling lavc
•mmr~a from oxparirnnt for uoo in tho rmactor plaom
oiwlmtiona.

(3)



TIM tin dapmndanco of c rmao of Comfiunnt
tlmma, ? , during tho plaon startup sro also chore oa
?i,. 3,~araj alooineludao tho AUctlm [b. (z)]
mm wall so claooicml crooo-ftald lom comductiom. At
●tsady seato the raquirod TE is 6. 24, mmd 205 tins
Iaao than Aleator, ohmic, mmd ChSBiC41 (iom)
comfinomnt tin., roopoctivoly, Zt bmiw .~ul to - so
Bohm tins. If the mora optlU6tic t~ ●1//2r2

scalin~ is i~omod, thaaa mrgimm mro imcrmmod.
P

Tho TP ●d PF [cmposad of ohmic-hamtins (OH) ●nd
●quilibriu~fiald (EF) coilc] coil sots for tbo CKPPM
●ro rssiotiva (water-cnolod coppor) ●nd -st 50 mined
●nd driven in ● way chat ●inimlcao both tho CO1l coot
(uss) ●nd (racirculatinC) powmr.b ~i~uro 2 dopictn
●uch w optimitod TPC/PPC sot :hac ●lso provldaa tho
optimal flux llnkcga, vartical fiald, ●nd planm6
Mpatisatlon.

S;nco th~ RFP planm is hsatod ●od coofinod
priurily by tha aalf mgnatic Cioldc gonaratad by ●

otroll~ plaams current, l., tho PPC nys:am.s plt~ ● kty
rolt in tha raactor d~si~n. Tho fundammntml pro~osooo
involvod with an RFP ●carcup ● rc ● o follovs. An
initial toroidal biac iicld in produced by the T?C
nyacaa. The plasma io initisttd, ●nd ● changios P?C
currsnc lnducos tha platm currant.

‘ho tiil:i::: T;:confinad and crnproaood by tha planu,
current 1s rcducod and ltimmcaly rcvarcod, ●ohiovin~

rcha RFP configuration B ● JO(pr), B ● Jl(pr)]. The
! Rbulk nf t,la toroidal-fiol ancrgy it t cn providod by

tha plaoms dynamo throu~h tho domiaant PPC ●yscm.
Having firs! achlcvad ●n initial, l~anargy RFP ●:ato,
tho plasm,t dynamo would bo uoad to Incramo furthtr chc
toroidal field intornml to tho plaom.s. Raioins tho
platm.s current, tha nmar-minlm~mner~y RPP otatc i.
Mintalnad ● m turbulonc placm.m procoaoeo tonvart
toroidal plmom currant inta pololdal current, which in
turn incrcaocs tha toroidal fiald trapped within t!lo
plaImJ Colum ● O F and 9 ra~in coaottnt near iha
dninum-oncrgy mtatc (Pic.1). ~lsin~ t}a TPC oystam
to produce sn initial fiald that io ●qual and oppooico
to tha raquirod (final) ravarsod toroidal fiald, tho
R?P confiIur#tion would b. aotablinhtd at cpproRimtaly
15-20X of tha Cinil plaou curran’, for ● Rovaroal
?araMtar in the ransa F - - (0.1S-0.2). Tha TFC

cymtsm under chest condition- raquirco two ord-r~ of
mitnituda 191s aner~y than tho PPc circ.3it.
Furchtrmorc, tha TFC not nood n~t ba uaoignod for tho
startup ovorlood, rooultin~ in coils chat dominato tha
FPC wan lQas and ltadin~ to mora oaslly m,mintainad
System (s@c. Iv).

Tha PFc BO! rtprascnts tho dominant mm[nat system.
Energy would ba tr~nafarrmd to tha PPC directly !rnm
tho tloctrical ~rid. Tht timplo circuit dapiccad in
?i~. 4 io based on a bipolar oporaclon that ●inimi:cs
both forcco ●nd #torcd onor~y. Tho contribution of cho
l!FC to ch~ otartup flux swinB in ●iniminad in ordor to
MmlLi#o tho bipolar oparation, tlthouIh thim iISUO

b~cowo lamm important if steady-otato current driva
or
to

han
chg
30X
ant

Tho RPP otmrtup im boood on a rouiotiw transfar
that crowbars cho OHC while oimltantnuolJ initiating
the plmomm ●nd connoctin~ tha EPC acrooo tho OHC
circuit) an •n~rsy sppromlmstoly ●qual tn hmlf the
storgd ●n-rgy 1s transfcrrod to the plaom, with ●n
aquivalont ●narIy boin~ dltolpat~d in tho tranoftr
roolotor. Aft8r tho raoiotlva tranafar of tho P?C

curtmnt, tho plmou curraot io 3G70X of tha dasign
(igmitioo) vmlual ●lcctrical grid pouor 1. than uoad tn
o~lota the trajectory toumrdo full P1OOM currant ●nd
lpitiom. Rapid initial current tronsianta, liwitad
mly by tha Voltas. ●n-d on tlta PW syo:mm, can b-
Sohlmvmd by th rcoiotlva tramsfar tcbmmm. 8iBCS tha
t!Smmfar r~oi.stor bmm ●o Lnharoot poucr-hmndlinl
Ilm.itatiomm, hrgs p2.a@M laltiati.% pworo can ba
rmurmtod tithout roquirio~ ●ichdr ●X?GMIVO on-nits
~r-handling or ●mmr~-otsr ‘lS. ●quipMrltJ
siwltmmmously, Amrga Crmmslonco on tha ●lcctrical grid
● ro ●voidmd. Tho plasM ●nd PPC (OEC + EPC + pla=mm)
curronta, Voltsgoo, ●nd prwor traosionts during ctartup
● rc ●]oo damcribod in ?1s. 40 which provid~s th~
●loctri~al countarpa~t to ?ig. 3.

On:a a volt-oacond limit lo raschod on th+
:nductiv@ circuit dapictad in ?ig. 4, tho placm
current would decay with B

Ch’r’c’’ri”ic Lg’RP ‘1”eonatant, vhicb for tha danign-point parsmst rs limtod
in Tablo II 1s 150-200 c, For the mora roaliscic
pluM profilas umod in tho clwc-dcpandont simulacioos,
●n ●noroy of 1.2 GJ is stortd in ch~ poloidsl field,
vhich for paukad danoity ar,d tomparsturs profLlac gi.~os
Ii

$

= 20 W (3.1 KU for flat tamparacuro profilao) and
L/ ● 120 a. Sine@ tha coroidal volttgg ●ppliod to
th ~ltad PlaBM io ~ :.0 V and co achicva ignition
tho pltom raquirao s 190 volt-oaconds, oomc ●xtcnoion
of tho CKFPP burn ●olaly by inductiva mm~no la
poooibla, ●lbeit nr higher voltagco ●nd currcnco in ●ha
MC oat. It ia nocsd that tho mtgnatic •nar~y
raplaconnt tires, ~/PE, 10 only a f~w stconds, vhara
U 10 tha total fiald ●nsrgy ●nd PET io tha #ross

Y9 actric pwarl m,msnccic ●ncrgy storm~c/rocyclo it not
noconoary for such ●xcondud burnn. havarchalgao, tho
daoira to ●inlmiso pulmad otcrtup load- on tha grid #0
WO1l ●s mach?nlcsl/thtrmsl ● traoats
tht cnllo, blankat,

Ianaratod within
●nd in-vacuum compononca, givom

●t~sdy-state currant driva a Sraat attraction.
?urthormnra, tho mora poosisiocic tranaport ~calint
(tE= 1$$) rOquirOS ths ●xpenditurc of ~ddicional
rasistivo volt-s, conds to achicva an ohmically-hoatod
ignition, agrln giving impo:ut tor raducina the
fraquency of ou:h plaoM ctart~p~.

The RFP dyanmn nffort ● poooibility fo, afficicnt,
non-inductivti, curr.:’ drivg. T!>. prinriplc of currant
driva by “P-0 pu~ing” of toroida! currant 10
illuotratod ualng tht (analytic) B~; more osact RFP
profjlos ● {c traatod nuw:ieally i.n Raf. 6, Dri.’in@
atomdy-~tato currents in RPPs by oo~illatinl th~ PFC
●nd TPC circuito wan first SuJR.DtQd by Utvir’” snd
mubsoquontly fiubjactad to ●ore Specific
gxamination,l~olt In mmintainin~ the ma~n~cic hclicity,
K, constant and tho plaau mssnntic ●ntrgy, ~, ● t a
minimum. oscillations in ●nt~rnally appliad volta~cn
that, for lnctonco, chan~t th~ torctdsl flunl O, rRCiIQ
the plaoM dynamo to Bonoratc thr toroldal ~)nlca~ao ●nd
curront~ rcquir~d to mintain the ●inimum-UH,
constmn!-K RFP stmt~. Dcmcriblng’>lik tho Rf? plasma
●s an ●lcctrical circuit in ctms of K, O, tnd UH, the
followini rtlationohip bccwaan platma vnri~bl?n (l.c.,
P and e) ●nd circuit Darmmatarm (1.0., illductancoa,

vhoro L’
I

- aprti, 1, ■ d16/dt, ●nd Ve ‘+ \ I
of a po ttivo Paroday’s law for cht toroidml c
ba~td upon m convantlon that oriantx c in
diroctioo ● s l$. Tho plsama lnductanco, L ,
tho poloidal field inductmnc~, Lpe ● 2~?I~



as tn. ●orsl noadod co amroao ● mifom coro; ~ll
flux. ● , ioto tha BOSOO1-hJOCCim diocrlbucton. 1, “
Jl~. rl; am noon from tha footnoco to Tabla .1,
ty, lcally Lp-lp@ ~ 1.3 - 1.* for thm DYH.

● ✍ 0= - 5C Olr tic :7*j

Iomoss mmd sivo ● aurrant drivo affiatmcy of c ●/F-
k● 3.2 A/U, ubich will docrmmoa by ‘2 for ● +~i ●rad

curranc-driva Oyacam. the ●morel ●torod in Chs
poloid.ml snd coroidml currmnt-drivm circuits i.
0.26 m,

Both (poloid~l) p-d limicwra and (toroida!)
MBoo:ic divorcors #r. MIu conoidarod as ~uricylas!i
amtrol for tha CRP’M. Bocauoa of tha domirmnca of
poloidal rschor than coroitil flolds in cho RPP, tho
~~try for ●ach aohli~uricy control ●chmu im
Booar611y orthogomml CO chat bain~ propoaad for
tokmka. ?-ad li~icarn havo rocoivod tna mjority
of actantioir to dots,6 but mdarotmdln~ of both Within

Cna aoncast of th~ ~ to not Oufficianc to Z11OW ●

choic~ co M mda ● t praocnr.



mmhmcad radiativa ioao, or lnt~rfara with the PLMOU
npnratien, ●ffici9nt Mcnotlc divarters my bo
Mcaamry.

~ ~c””’” “f th’ P’”i”
plamd m c~mctmso and mducod PPC umt, tho p-d
limltor ●ppears ao ● mmtural firnt choled for ● n
i~urity-comtrol @ch@mo. Thm unccrtaintimm msoociatad
with pu~d limitora, particularly with raopact to
opuctor ●rosion ●nd tha potontial for ~~radod pLmau
parformncc, uy damand bottat pbow/wall Ioolation.
Nocc mm~ocic divmrtor doslpo null mnd ro-direct
Unority-field Iinca, which for tho tokmmmk eromt.- ●

prafaranco for pololdal divartcro. Working vith tha
minority field minimiaam ●dvcroa ●ffacto 00 k~tm,
lransport, ●nd ●uxiliary CO11O (forcao, ctorcd ●nar~y,
●nd Dowr cousuqtion). Thooa tohmsks that divart tha
mjority fiald ●ccept thatc pioblamm in trada for
tliminacion o! intorlacking coils. Sinca tho minority

field in tho IP’P 10 toroidml, tha ●bovaxntioood
phyoics locus- c-n b. svoidad without cha ●ncumbrancan
of intorlockinp Coilo. Furthomora, tho c-act
raactor optiono 41s0 allwk placammnt of tha divortor
Coils Clona co tha flux ~urfaca that 10 to bo brokm
and divartod, lsading co ●n Incraaood ●fficlancy not
●vailablt to suporconductini ●yotoma.

Tha ●impltot dasi~n of ● toroidal-fiald divtrcor
for an R?P 10 oria which maraly ●ddn TFCC of tho
mppropriacc EISC and curr(nt co cho aain T?C oot. Tha
divcrcor suet iool~to the rc:lon of flald-lina cont~cc
with structural ourfacaa and provido sn ●xic for pltoma
●xhauct. Thio seal is accompliahad with divortor coils
of radium oufflcioncly lar~o co ●ncaoo tho tiin TFC
●at. The currant in tho coil that Bull- tha toroldal
field ●uac ba aufficlontly lar:a co canc:l ch~ fiald
fro- cha TFC sac. Viwing tho n~lling CO1lB in ●a:h of

7
toroldal divartoro ●s m ●olanoid which must cancel

t a fiald from tht N toroidal-field coils, the currant,
in aach divortor 10 spproxiwtoly ralatod co tha

$; current, ITr, by NDID ● - NITF.

Thtnl .mplc divartor coils will null rho coroidal
field indiscrimina:aly within tht boro of th~ T?C OOC.
A oair of coils that flank chc divartor coils ● rc
incroducad with a combinad currant aqual in ma~itudo
but oppoolta in ~iIn co that in tho divartor coin
that- flankin~ coils loc~lica cho nullins ●fftcc of tila
d.-+~rcorCO1lI co wi,hi~ tppronimatoiy tht dlstanc~
batwtan tha di~artor CO1l and its flanking coiln. Tho
flanking CJ1lD afford only -root control of tho
location of t Q toroldnl-fiald null snd tha slr~ of chc
div-rcor cha, nal. A mora procioa control of cha
toroidal ext(nto: cht null io nacoosary to raduc~ tha
FPC porturbati,n by cha div~rtor channal, <ho ●itt of
cho firct-wall ; ●p, and chr ●mplitud~ of CFG toroidtl
ripplt inddcad, :h@ latttr rsoultin~ in ial~nd
formation that affccco both tranopcrc and field
ravtrnal, & Mthod of controllin~ tha :orold~l aat~nt
of the field null ham bean dmmohatraccd, but
quanticacivo antimatca of cha latter two ●ffocto hav~
not yt! bean udtt

mmmadivmrmiom of Cicld llMMS by forcin~ tha dlvmrtins
coil currants to raturn through tha DPCO rather than
throufi cho Lnboard sido of the toruo.

n ● mwlalorts

TIM thraa emmtral plmom-mnginoorin~ lmou,o
Croatad hcrain (crawport/otarcup, eurranc driva, ●nd
@urity/comtrol) cosbinod vith tha hith-pwar-dmmity,
coot-opttmisod dosip point to datarm.ino in lmrga part
tbc PPC charactariotico for tha CRPPR. The hiah
m4utron mnd hmac losda c~lna with tho parcaivod
raquir~rnni for s conductin~ ●hell nmar tho RFP plasma
tn sutgant ● cnppar-allo~ first-wall/limiter ayotom.
TIM thin (- 0.6-=) hi~h- owor-danaity

s
blsnkct

(- 200 UNfaJ paok, 30-40 Hk!fn ●varaga) ●nd siliald
(- 0.1 m) combinod with tha ralatlvaly low -gnmtic
field (t J T) ● t that pooirion to wka flowin~
llquid~tal brwdcr/coolsnt (PbLi alloy) particularly
●ttr-ccivc.s ~6 ’20 The above conoidorationt have lad to
the CRYPR croma-oaction givan in FIs. 2 upon uhich a
Mr. dotmilod P’PC ●nglnaaring inta~ratlon study i.
procaading,t This danign work in b~~~d Upon tha mora
npmca-conoowaciva pumped-limiter impuritylconcrol
schc-, ●lthough toroldol-fiald wgnatic divorcoro will
●lBO bc considmrad ODCC thay ● ro batcor undarccood in
tha contaxt of chc RPP ~oomarry. This ptpar concludas
with a brief dancription of tha P?C intagratlon tod
dtci~n ●pproach.

Tha basic comoon~nto of cho - 1160-Tonna FPC aro
il!uotrotad in ?1s. 7. Tha ralctivaly ticht srrny of
?PCO (- 000 Tonna, total) sllowc straightfotwnrd ● cctco
to tha uadorlyins ‘mco (142 Tmno) snd firot-
vmll/l,lankat/shi~ld (223 Tonn@, including PbL i
broader/coo~mnt) corponanto only in tho vicinity of tha
outboard ●quacorial piano through ● - l-m ‘nrticsl gsp
providod in chn PFC amt. Aftar lifting tha top half of
Cha P?C sat (400 Tonno), cho - 200-Tonne FU/B/S/TFC
toruc (dralnad of PbLi br@adcr/coolant) would b.
iw ●llcd (ramnvad) so ● naoaratc Udit (“batch”
Uintananca)l for purponts of off-cito fs>ricmti~n,
howavcr, this unit would ba Qasmmntod lnco 24 toroidnl
ccctors. mch coatarad 00 ● TPC.

The 24 poloidal limiter bAhdos would bc srraycd
ona ptr oactor in the TPC midplanc. Th@ 30-fIO--
limltor-bhda otandoff froa Lhc fir-c-wall surfaca
providoc a total ●nnultr puapin~ #ram of 7-10 D2 ●nd
covarm - 231 of chc PU, comparad te 13 82 ●nd - 7X for
tha 6tarfira toka~k.7 Iach of tha 24 to”oidal occtori
containa two paloidal blank-t •~ctions vith pololdally
fiwin~ PbLi broadar/coolant; ● tch of th~su blankat
occtiono *. ●ap~ra;ad by a radially divorBing
vacuu-pumpins S1OS ‘hat cor,ncct~ tho bocknida of arnch
limiter with a 70-rn vacuum plenum formed by tha
annuluc d~finad by tha blankat and shield. Adjacent
shiald tocmonto ● rt joined by ●n outar aholl to provida
ccru:tural unity to tho W/B/S tcrua, which a~ain
combiliaa with tht ftxad TPC ott tc provldr tha ain~lt
~C m~ntonancc unit. The low-fiald (: 1-T) ‘TFCS arc
oocure~ to t!,ls● tructura in ordor co raact ov~rturnin~
and contorin~ forcoo, nnd ● rc aalf-oupport ins a:ainct
Outv” J raditl forcac. As n-an from FIc. 7, cqutrt
ap~ aturaa mro providsd batwam TFCO ● t tho outboard
aq ●torial pltnc for both vacuum and PbLi duccingi
tf.nifolda and uins to tha watar-coolod W/llmlt@r and
,hiald componanto, to wall as othor utilicie~, ora alto

provldod in tho outboard ●quatoria: plan,.

E’octrirsl laado CO ~,hs multi-turn ‘IFCO ●nd PFCO
could b. considerably roducad in cl-o from tho coils
they driw. In ordar to uximint tho rouplini (1...,
mlnimtso otray inductances), cho low-currant poloidal
aurront-driva cotla VOU14 bo lntogral with tha firot-
wall/llmltar, wh~raac the rtquirod toroidnl-field



oscillatioo~ would M providad by ttro uiocinB TPCS.21
It is notod that if ?-e p~inS can k used to drivo dc
curronc in tha CRYPl, tho OltC sat ohowm in PIP. 2 and
7 10 n8adod only for ●tartup. Considarabla roductia
in the -Isa of tho OSiCa la ●rp.ctad. *ich An tam
would SIDO ●now ● raducod WC oat for th sama coat
●n. racirculati~ power fractiuu.

In oumry, cha charactorlatlcn of tha hay pluu
onlinaarin~ ●ymt-m haw bean brosdly d.omcribod sod
quantified for tha CRP’PR. Tho oporationml ●nd ● conom.ic
●ttraction of tha ce~act ●pproach My k ●ttoia.sble b~
th~ RYP, sinco it 10 on. of ● CIMO of approachcm thtt
can conffrm Plamu without tho UM of ●sCaMiV9
toroidnl f!a’.dt. Furthamoro, ● potontlal oxisto for

this con ftnammnt to ba ocoady stata. hint*Moca of
cho ragonaratiw dyna~ ●ction ● t hi~h~r plaau
prcscurco wnila ratainit,g cha tlroady rmctor-ralcvont

baca valuas with improvad confinmt timn Is cantral
to ●chiaving thiti ideal ●rid-product ●nd, tharofora,

r~pratonto cho mjor .xpQriMntal objoctivc of tha
praatnt RFP phyaico pro~rm
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TABL[ 1. ENGINEERING PAMJIZTER COM?ARISON IETUEI!N W41WLINI MD CO~ACT RFP WCTOR DESIGNS(a)

Crooa th~rml powdr (IiUt)
RaclrcLlating povar frtccion
flat aloctrjc powor (F4Ua)
Firmt-wall rtdiun (m)
Ujcr radiuo (m)
PlaoM volurao (m3)
Avar&Ba bata
?irst-wall neutron loadirrp (WU/m2)
PPC MOD (Tonno)
?PC MSS utilization (ronna/Wc)
PPC povar dtntity (:Vt/m))
P?C unit coot (0/kt

1(H$/m )
(no/a?)

UE(Account 22)/~C
Unit diract coot (i/k@t)

w
0,167
1200.
2.83 ‘b)
7.0
7s1.
(J.n67
306
13,174.
3.7
O*3
19.0
0.051
00b6
0.56
14390

Coot of oloctricicy (aillerktinh) b?.

Tho follovlnI abbrcvtatio~s ● rt usok in thio tablo~ ?uofon

.@
YF-/,I-I,

O*22
1202.
0.60
131/214(c)
90.8
0.2B
4*J
23,30B.
6.0
0.29
20.%
0.04:
0.97
0.64

* l~to,
TBD

Powor Coro (PPC),

w
0.16
I000.
0.75
1.0
37.7
0.20
19.5
1,160.
0.4
14.0
3700
d.20
0,36
0036
063.
40.7

Rtaccor Plant tQuipwnt



Plinor plaam radiuc, rp(m)

Mqor plmam radiuo, ~(m)

Invorsa plmmu mmpact ratio, c - rp+

Awrsgo plaom t~sratura, T(k@V)

Avmra~o platm danmity, n(1020/m3)

Toroidal plasm curronc, I$(MA)

EMrgy confinomant ti~. lE(m)

?-ewdal [F - BJO(:a)/J1 (29)]

Pinch parameter, e - Be(rw)/~o>

Ravormal parmmtor, F - B?(rw)/<B4~

Poloidal beta, @e

Streaming paramtor, 10?N(10 -14A .)

c~;#~g:~mP~y-~ rosiocitity, <n>

WC~IT p- ~E&

Toroidml plaoma inductance,
LO(H) - IJo~c2/2

Poloidal pltcm inductance, Lpe(H) -
(Lo/c2)[l + (F/e2)(F - 1 )1

PlasM Inductance(c), L (H) -
(2Lo/t2)[l+ (2F+ 1)(? - 1)/2e2]

Toroidal flux, o(ub) ■ LoIO/Ce

“Straw-up” factor(d), ~w -

2(e~+ r~) - F

0.71

3.?

0.19

20[flatl@)

5[J~(ur)] (b)

18.5

0.23
BM(b)

1.2-1.4

0.0-(-0.6)

0.2

3.0

3.4

8.3(10)-8

(2.4-3.6)( 10)-6

(3. 1-3. !)(10)-6

3.9-6.9

2.9-3.0

Plso~ rtsiotanca, Rp(ohm) _ 2~wW>/C2~ 1.5(10) -0

PlaoM poloidal flux, Lplo (n) 44-66

Plasw ohmic VOltt~a, VO(V) - IORP 0.3

PIIOM dtcay tiM, Lp/Rp(a) 16h-234

‘a)Tho BTPI in uoad hara, wharaao plaom simulations uma

the “B*St Fit Hoticl” (raft ?1:. 1 and coat).

(b)Th. BF14 raquirmt a J~(tir) praosurc

‘C)lncludgs

profile.

compraoolonal ●nurBy of ●n Initially
uniform toroldal flux.

‘d)Bascd on a uniform tcmparscurc profila.

TABLE 111. TYPICAL (?-0 ?ulOINc)
CUmENT-DRIVE PW~l!RS

P’P.

Fractional ?lUX swin~, b$/<6~ 0.01

Voltmat Swin~, WJ<l,RP> 200

Toroidal Voltaga, <IORp~ (v) 0.31

current Swin#, bl$/fl~> 0.004

Currant Swing, 61$ (~) 0.076

?roquancy, U (Hn) 50

Dlcoipativk ?owor, PA (hW) 5.74

?eloidal, P; (~~) 3.44

Toroidal, P; (W) 2.30

Efficiency Factor, <lO~/P* (Am) 1.2

Storgd Cn@r~y, I!. (W) 0.26

TABLE IV.

?raction of

td~-plmmm

DomisO hmat

wgo-pLmnM

Cdgo-plaou

~IC4L PWW~-L2.M2TtR P~ERS

ptirn ●nargy loot by radiatiaa

rac?clo coofficimt

flus (H’u/m?)

t~oratura (oV)

lam dcmsicy (1020/=3)

mar of limicarn

rlrot-vmll minor radiua (m)

Limiter cwaraga fraction

Lldtar toroidal ●xconc (=)

Limitar radial ●xrcnc (=)

Lim.itar thickna~a (-)

Fraction psrticlat under limitmr

10

.:
LB G.}

C.9

0.8

6.0

33.

2.0

24

0.75

0.25

0.25

- 40

- .9-10

0.37

T>

_“r’\7\\\\,W;c!w

\

/
“BEST FIT-

, \ MODEI.

\

\<. 0/25
‘(

‘\q
BESSEL-FUNCTION ‘,

MODEL (BFM)-
,. 1

L_lll “ /’”y
19-M0DIFIE13 BFM[

“BEST FIT” \

p@- ?0

o Ob 10 lb 20

PINCH PARAMETER, P-B,(!=) I(B$)

Pig. 1. RFP minimum-nntrgy diagrao.

3,0

2.0

?.,0

0.0

-1.0

-2,0

-3.0
0,0 1.0 2,0 3.0 4.0 5.U 6.0

R (m)

?1S, 2. CRFPR croos-maction comp~rod to T~R.
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